The effect of amino acid deprivation on the activities of D-alanine carboxypeptidase (CPase) and peptidoglycan transpeptidase in Escherichia coli was determined. Enzymes were assayed in ether-treated bacteria (ETB) which were permeable to peptidoglycan nucleotide precursors. ETB were prepared at intervals from cultures grown in the presence and absence of a required amino acid. The specific activity of CPase in ETB decreased 50 to 85% during amino acid deprivation. This was paralleled by a 60 to 70% decrease in the specific activity ofpeptidoglycan transpeptidase. Both enzymes reached their lowest level of activity about 40 min after the onset of amino acid deprivation. The decrease in CPase activity apparently was not due to degradation of the enzyme, since full activity was restored after disruption of ETB by sonication. A decrease in CPase activity was associated with an enhancement of transpeptidation. The peptidoglycan synthesized in vitro by amino acid-deprived ETB was 1.7 times more cross-linked than the peptidoglycan synthesized by control ETB. These results support the proposal that CPase may be involved in regulating transpeptidation in E. coli.
The biosynthesis of the bacterial cell wall polymer known as peptidoglycan has recently been reviewed by Mirelman (9) . There are three stages in peptidoglycan synthesis. In stage 1, a series of soluble enzymes catalyze the synthesis of the nucleotide precursors, uridine 5'-diphosphate-N-acetylglucosamine (UDP-GlcNAc) and uridine 5'-diphosphate-N-acetylmuramyl-pentapeptide (UDP-MurNAc-pentapeptide). In stage 2, the lipid internediates are synthesized by a particulate enzyme system. The synthesis of insoluble peptidoglycan occurs in stage 3. The terminal steps involve the formnation of crosslinkages between the peptide moieties of peptidoglycan. The cross-linking enzyme system consists of three particulate enzyme activities: (i) peptidoglycan transpeptidase (TPase), which catalyzes the cross-linkage reaction; (ii) D-alanine carboxypeptidase (CPase), which hydrolyzes the terminal D-alanine residue from the pentapeptide side chain of peptidoglycan; and (iii) endopeptidase, which hydrolyzes the crosslinkage between peptides. The endopeptidase may be another manifestation of the CPase. All three enzyme activities are inhibited byf,-lactam antibiotics.
Mirelman et al. (11) have described the use of ether-treated bacteria (ETB) for in vitro studies on the terminal stages of peptidoglycan biosynthesis. Treatment with ether makes cells permeable to exogenous peptidoglycan nucleotide precursors. It has been demonstrated that ETB apparently retain normal cellular controls involved in regulating peptidoglycan synthesis (11) . Thus, this system offers a distinct advantage over cell-free systems, where mechanical disruption of the cells is probably responsible for the loss of such natural controls.
In this report, we have used the ETB system to study the regulation of CPase and peptidoglycan cross-linkage during amino acid deprivation of Escherichia coli. We found that the specific activity of CPase decreased 50 to 85% during amino acid deprivation. In amino acid-deprived bacteria, CPase assumed a cryptic form which could be activated by sonication. The decrease in CPase activity was accompanied by an increase in the degree of cross-linkage of the peptidoglycan synthesized by amino acid-deprived (8) .
Bacteria and growth conditions. E. coli K-12 strain LD5 (thi dapD lysA) has been described previ- (11) . The CPase activities in sonicated ETB and in unsonicated control ETB were then determined as described above.
Peptidoglyean biosynthesis. The assay mixtures described above (with 0.53 mM UDP-GlcNAc) were prepared in duplicate. After 60 min of incubation at 370C, 1 ml of 4% sodium dodecyl sulfate (SDS) was added to one of the assay mixtures, and the mixture was boiled for 30 min. To the other assay mixture, 2 ml of cold 5% trichloroacetic acid (CC1COOH) was added, and the mixture was placed on ice for 30 min. The SDS-insoluble and CClaCOOH-insoluble materials were collected on 0.45-,um membrane filters (Millipore Corp.), and radioactivity was determined as previously described (11) .
Determination of peptidoglycan cross-linkage. ETB were labeled for 60 min at 370C in the assay mixture described above with 0.56 mM UDPMurNAc-pentapeptide and UDP-[3H]GlcNAc (7.5 cpm per pmol, 150,000 cpm) as substrates. The labeled peptidoglycan was obtained by treatment with cold 5% CC1sCOOH and was digested with lysozyme as descibed by Mirelman et al. (11) . The amounts of cross-linked (dimer) and uncross-linked (monomer) fragments in the lysozyme digest were quantified by paper chromatography as previously described (6) .
RESULTS
Cell division continued for about 40 min in a lysine-deprived culture of strain LD5 (data not shown). The viable cell count increased by about 40% during this time interval. The culture turbidity began to increase almost immediately after the addition of L-lysine to the culture, and cell division commenced 20 min thereafter.
The specific activities of CPase and TPase in ETB prepared from cultures grown in the presence and absence of L-lysine are shown in Fig. 1 Figure 2 shows the peptidoglycan biosynthetic activities of the ETB. The amounts of total macromolecular peptidoglycan (CC13COOH insoluble) and total SDS-insoluble peptidoglycan (cross-linked to preexisting cell wall peptidoglycan) synthesized by control ETB remained reasonably constant (Fig. 3A) . The synthesis of CCl3COOH-insoluble peptidoglycan decreased with time in lysine-deprived ETB (Fig. 3B) . However, the synthesis of SDS-insoluble peptidoglycan was unaffected by lysine deprivation for at least 40 min. Thus, about 40 to 50% of the peptidoglycan synthesized by control ETB was cross-linked to preexistng peptidoglycan, but this value approached 100% in lysine-deprived ETB prepared after 40 min (Fig. 3C) . The degree ofcross-linkage in the peptidoglycan synthesized by lysine-deprived ETB was determined in the following manner. ETB was prepared after 60 min of culture in the presence and absence of lysine. Labeled peptidoglycan synthesized by these ETB were digested with lysozyme, and the ratios of cross-linked (dimer) to uncross-linked (monomer) fragments in the digests were deter- mined. The dimer-to-monomer ratios were 1.42 and 0.82 for lysine-deprived and control ETB, respectively.
In the experiment described7min Fig. 3 , lysine was added to a culture which had been deprived of lysine for 60 min. CPase activity was restored to control levels about 30 min after the addition of lysine. This was paralleled by a decrease in the quantity of SDS-insoluble peptidoglycan synthesized by ETB.
The decrease in CPase activity during lysine deprivation was apparently not due to degradation of the enzyme. Instead, CPase assumed a cryptic form which could be activated by sonication. The specific activity of CPase in ETB prepared from a culture deprived of lysine for 60 min was 
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